The three-dimensional imaging microware altimeter is a new type of altimeter, which combines with traditional altimeter height tracking measurement technology, SAR synthetic aperture technology and SAR interference measurement technology. The direct geolocation technology is a little different from traditional SAR geolocation technology. In this paper, a geometric positioning algorithm based on the RangeDoppler equations has been proposed for the three-dimensional imaging microware altimeter, and the main positioning error sources, including elevation error and atmosphere transmission delay, are analyzed and corrected. The positioning precision is validated by corner reflectors. The result shows that the direct positioning accuracy improved by 3 pixels.
INTRODUCTION
The three-dimensional imaging microware altimeter is a new generation imaging system with the wide swath, high precision, and both imaging and interference capabilities. It combines with traditional altimeter height tracking measurement technology, SAR synthetic aperture technology and SAR interference measurement technology. It can be used in marine dynamic environmental parameters detection, marine forecasting, terrain topographic survey, glaciers and large water monitoring, and other fields.
The three-dimensional imaging microware altimeter is not only a new type of altimeter, but also a special microware interference radar. Unlike traditional altimeter with a few kilometers of swath, its swath is more than 30 kilometers. So its observing capacity is greatly improved. The main difference between the three-dimensional imaging microware altimeter and other SARs is that it has a small side-looking angle about 5~7°, and other SARs have a at least 20° side-looking angle.
The first is the Shuttle Radar Topography Mission (SRTM) [1] . It consisted of a specially modified radar system that flew on the Space Shuttle Endeavour during the 11-day STS-99 mission in February 2000. It used dual radar antennas to acquire interferometric radar data, processed to digital topographic data at 1 arc sec resolution. The second is the Synthetic Aperture Interferometric Radar Altimeter (SIRAL) [2] , which is the CryoSat-2's primary instrument. It was designed to meet the measurement requirements for ice-sheet elevation and sea-ice freeboard, which was the height of ice protruding from the water. The third is the three-dimensional imaging _________________________________________ Zhiw en Liu, Hong Tan, Shengyang Li, Key Laboratory of Space Utilization, Technology and Engineering Center for space Utilization, Chinese Academy of Sciences. 100094, Beijing, China microware altimeter of TianGong-2 [3] . So far, there is no relevant literature to describe the direct geometric localization algorithm.
According to the characteristics of the three-dimensional imaging microware altimeter, a geometric correction algorithm is proposed based on the Range-Doppler equations, and some main positioning error sources are analyzed which including ground elevation error and atmosphere transmission delay. The positioning precision is validated by corner reflectors. The result shows that the direct positioning accuracy improved by 3 pixels.
Geometric Correction
First, we calculate the elevation by iterative algorithms, and derive the atmosphere transmission delay model to correct signal transmission time. Secondly, we establish a slant Range-Doppler equations by using orbit data, attitude data, radar parameters and imaging processing parameters. Finally, we solve the method to obtain the geographic information. We mainly discuss calculation the elevation and deriving the atmosphere transmission delay model. The strategy we proposed is as follows: 
Slant range-Doppler method
Image direct positioning is to establish the slant Range-Doppler equations by using satellite measurement data, radar parameters and imaging processing parameters without ground control points, and solve the equations to obtain the geographic information.
The Range-Doppler equations consist of three nonlinear equations, which includes the range equation, the Doppler center frequency equation and the earth model equation [5] .
The range equation of SAR slant range image is the following formula. 
Ground Elevation Error
When projecting each pixel on the image onto the ground, the elevation parameter h is used as an input parameter, so elevation error would bring positioning deviate to its actual position, as shown in Figure 2 . Where r the plane error, is h is the elevation error,  inc is the local incident angle.
The smaller the incident angle, the greater the positioning error introduced by the elevation error, the greater the image distortion. The side-looking angle of the threedimensional imaging microware altimeter is about 5°~７°, which is much smaller than the side-looking angle of the traditional SAR. Then, the positioning error of the threedimensional imaging microware altimeter is greater than the other SAR.
So, high-precision elevation is very important in geometric location of the threedimensional imaging microware altimeter. But, in general, we can't achieve highprecision elevation information in real time. In order to reduce the positioning error caused by elevation, the algorithm is shown in Figure 5 .
Atmosphere Transmission Delay Estimate
The propagation delay error of microwave in the atmosphere will affect the slant accuracy of SAR, thus affecting the positioning accuracy. The effects of atmospheric transmission is mainly the effects of the troposphere.
The troposphere transmission delay is mainly related to the height, as well as the pressure, temperature and water vapor. Generally, a simplified static model associated with a height parameter can be used in the production of the data product [5] .
First, the mean atmospheric parameters, and some elevation values in the range of 0 to 9000 m, are taken into the empirical model, and a series of discrete values of the troop tropospheric delay are obtained. Finally, a simple empirical model of tropospheric delay estimation based only on elevation is obtained [5] . 
Where zenith  the tropospheric delay in the zenith direction is, h is the elevation parameter.
We can estimate the troposphere delay in the zenith direction according to the target elevation by equation (5) . We can obtain the troposphere delay along the line of sight of the antenna by calculating the firing angle of the signal emitted by the satellite and the equation (5) .
Where tropo  is the tropospheric delay along the line of sight of the antenna, inc  is the incident angle of the signal emitted by the satellite.
Experiment
In March 2017, a number of corner reflectors were arranged in the Baotou Calibration Center, Inner Mongolia Autonomous Region, and China. The position information of each corner reflector was measured by the GPS.
The positioning results are compared with the exact measured latitude and longitude information. Table 1 shows the positioning accuracy of different corner reflectors. Figure 5 shows the slant range image of the three-dimensional imaging microwave altimeter of TianGong-2 taken in May 2017 and the corresponding geometric corrected image. 
CONCLUSION
In this paper, a geometric correction method of the Three-dimensional Imaging Microware Altimeter is proposed. And the main factors affecting the positioning accuracy are analyzed and dealt with finely, higher positioning precision is obtained. The positioning precision is validated by corner reflectors, and the result shows that the direct positioning accuracy improved by 3 pixels.
